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General Instructions :

Read the following instructions very carefully and follow them :

()
(1)
(iii)
(i)
(v)
(v)

This question paper contains 33 questions. All questions are
compulsory.

Question paper is divided into FIVE sections — Sections A, B, C, D
and E.

In Section A : Question numbers 1 to 16 are Multiple Choice (MCRQ) type
questions. Each question carries 1 mark.

In Section B : Question numbers 17 to 21 are Very Short Answer (VSA)
type questions. Each question carries 2 marks.

In Section C : Question numbers 22 to 28 are Short Answer (SA) type
questions. Each question carries 3 marks.

In Section D : Question numbers 29 & 30 are Case Study-Based
questions. Each question carries 4 marks.

(vit) In Section E : Question numbers 31 to 33 are Long Answer (LA) type

questions. Each question carries 5§ marks.

(viit) There is no overall choice given in the question paper. However, an internal

(ix)
(x)

I 55/1/3

choice has been prouvided in few questions in all the Sections except
Section A.

Kindly note that there is a separate question paper for Visually Impaired
candidates.

Use of calculators is NOT allowed.

You may use the following values of physical constants wherever necessary :
c=3x 108 m/s

h=6.63 x 10734 Js

e=1.6x10"1C

Hy=4n x 1077 Tm A~

gy = 8.854 x 10712 C2 N1 m~2

1
Te. =9x 109N m2C2

Mass of electron (m,) = 9.1 x 103! kg.

Mass of neutron = 1.675 x 10727 kg.

Mass of proton = 1.673 x 10~27 kg.

Avogadro’s number = 6.023 x 1023 per gram mole
Boltzmann’s constant = 1.38 x 10723 JK~!
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A) (2} + 3K) mN (B) (=3 + 2k) uN

(C) (6] + 4k) mN (D) (—4] + 6k) uN

fereft aTTest et 1 wufies 3R fgdiaes uefor § % <t T w1 31T 20 : 1
2 | If¢ 39 Trawimt Al mfies Fueet T fohel §1d ¥ 240 V ac ST fham ST qe
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(A) 4.0 A (B) 3.8A
(C) 0.97 A (D) 0.10 A
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SECTION - A

A charge Q is fixed in position. Another charge q is brought near charge Q
and released from rest. Which of the following graphs is the correct
representation of the acceleration of the charge q as a function of its
distance r from charge Q ?

T T
a a
(A) (B)
r— T —
T T
a a
(©) D)
r— T —

Two conductors A and B of the same material have their lengths in the
ratio 1:2 and radii in the ratio 2:3. If they are connected in parallel across

v

a battery, the ratio U—A of the drift velocities of electrons in them will be -
B

A) B)

D)

N DN
O|00 D=

(©)

A 1 cm segment of a wire lying along x-axis carries current of 0.5 A along

%
+x direction. A magnetic field B = (0.4 mT) j\ + (0.6 mT) k is switched on,
in the region. The force acting on the segment is

A) (2] + 3K) mN (B) (=3 + 2k) uN
(C) (6] + 4k) mN (D) (—4] + 6k) uN

The ratio of the number of turns of the primary to the secondary coils in
an ideal transformer is 20 : 1. If 240 V ac is applied from a source to the
primary coil of transformer and a 6.0 Q resistor is connected across the
output terminals, then current drawn by the transformer from the source
will be -

(A) 40A (B) 3.8A

(C) 097A (D) 0.10A
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(C) 2976 (D) 3140
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Toreht Uresft ga (3T9edHTh n) ¥ Su1s H a9 fop) 3ht i deft T IS Tohir 1
forg &1d To4a 2 | 38 59 % I8 o 79 &RI%el § SohIRT |1 o1 SRIRT +I1d L ekl 7, I8
SAHeT & —

nH? nH?
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H? H?
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SR e 2.1 eV o Toreht uere o @ fohu TTu fereht wepmer-forea o s o et fava
HIAM 2.5 V IR ST 2 | Icaid BIEisri1 shi Aferehan fast 3t 8 -

A) 04eV B) 2.1eV
©) 2.5eV D) 4.6eV
€ hIS p-n TIY SIS HAUTCIh SATYd BT & af
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(B) Tfereht <l S | glg qe BT TR <l TS | i &l & |
(C) Uftrept <1 Samg 3T Tt T bl AIeTE AT | T BT 2 |
(D) Tiferept 1 g | HEft qen greft TaX Y =ers # gig are ® |
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You are required to design an air-filled solenoid of inductance 0.016 H
having a length 0.81 m and radius 0.02 m. The number of turns in the
solenoid should be 1
(A) 2592 (B) 2866

(C) 2976 (D) 3140

6. A voltage v =v, sin ot applied to a circuit drives a current i = i, sin (ot + ¢)

in the circuit. The average power consumed in the circuit over a cycle 1s 1
(A) Zero B) 1, v,cos ¢

iy Vo iy Vo
© 5 (D) ~5 " cos

7. X-rays are more harmful to human beings than ultraviolet radiations
because X-rays - 1
(A) have frequency lower than that of ultraviolet radiations.
(B) have wavelength smaller than that of ultraviolet radiations.
(C) move faster than ultraviolet radiations in air.
(D) are mechanical waves but ultraviolet radiations are electro-magnetic
waves.

8. A point source is placed at the bottom of a tank containing a transparent
liquid (refractive index n) to a depth H. The area of the surface of the

liquid through which light from the source can emerge out is 1
nH? nH?

@ oy ® G-
nH? nH?

© Fo= O e )

9. In a photoelectric experiment with a material of work function 2.1 eV, the
stopping potential is found to be 2.5 V. The maximum kinetic energy of

ejected photoelectrons is 1
(A) 04eV B) 2.1eV
(C) 25eV (D) 4.6eV

10. When a p-n junction diode is forward biased 1

(A) the barrier height and the depletion layer width both increase.
(B) the barrier height increases and the depletion layer width decreases.
(C) the barrier height and the depletion layer width both decrease.
(D) the barrier height decreases and the depletion layer width increases.
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56 56
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(R) o1 TohaT TRIT & | 39 T3A1 & Tl 31U o1 = feu &1 (A), (B), (C) 3R (D)
T § = hifve

(A) IRYHYT (A) TR FHRT (R) SHI T & 3BT (R), 3TNheH (A) il TE AT 2 |

(B) AfhuA (A) 3R SRV (R) §HI T &, W SRV (R), b (A) H Tt
AT TG 2 |

(C) ANRYA (A) T 7, T ST (R) 36 2 |

(D) MR (A) 3SR (R) SHI & FAHA § |

13. AT (A)  : &F Tl p-uoR & Il % fhdt wie @1 fREt n-TeR %
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12.

Let 2, kp and A4 be the wavelengths associated with an electron, a proton
and a deuteron, all moving with the same speed. Then the correct relation

between them is 1
(A) hg>2, >0, B) Le>h, >0y
©) Ay >Ne>2g D) x, = Ay =g
Which of the following figures correctly represent the shape of curve of
binding energy per nucleon as a function of mass number ? 1
BE. | B.E. |
i A i
@) | ®) |
56 56
i A i
(© | (D) |
80 80

Note : Question numbers 13 to 16 are Assertion (A) and Reason (R) type
questions. Two statements are given — one labelled Assertion (A) and the other
labelled Reason (R). Select the correct answer from the codes (A), (B), (C) and
(D) as given below.

(A)
(B)

(©)
D)

13.

14.

Both Assertion (A) and Reason (R) are true and Reason (R) is the correct
explanation of Assertion (A).

Both Assertion (A) and Reason (R) are true, but Reason (R) is not the
correct explanation of Assertion (A).

Assertion (A) is true, but Reason (R) is false.

Assertion (A) is false and Reason (R) is also false.

Assertion (A) : We cannot form a p-n junction diode by taking a slab of
a p-type semiconductor and physically joining it to
another slab of a n-type semiconductor. 1
Reason (R) : In a p-type semiconductor 7, >> 7, while in a n-type

semiconductor 7, >> 7,.

Assertion (A) : The potential energy of an electron revolving in any

stationary orbit in a hydrogen atom is positive. 1
Reason (R) : The total energy of a charged particle is always
positive.

I 55/1/3 Page 9 of 24 P.T.O. I
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17.

18.

19.

20.

21.

22.

FHOHYT (A) : ST HIE Ak Bl o WA el HUSHH! 1 TRAY 5= Bl B, df 36
e sh1 IR Teret <rareh whl 7Tl ShUMT whic el § |
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T AT 2 6 g1 8 X 3R Y’ Seshita gadnati § wited 8 | 97 X o Rl W favara
aftenferd sHifSTT |
(a) Taad= & Tt v & T3 7 600 nm TR & YehTy g0 WeHH foham T 2 |
Tererd= Se =1 ugen s 0 = 30° W ugar 7 | far i =erE ufterferd i |
AT
(b) & Tepelt TgTerl srRmT i g1 et i, s ek <hl <fferel [ 2, G o 38 fohg R

wﬁwwwﬁ%ﬁumqw% 2 1 39 fog W <feran sma i |

Teret ISt & o ST Hetehl oh! THM ashal BT 17 cm 8 | 9 § g9 89 W 39 o
1 HIshE gl ST hIIY, | ==l 3R AT o1 U AT 1.5 3N 1.33 2 |

BIZGISH THTY] % SR-HIge H g Soldeid Snoll &R —1.51 eV & —3.40 eV T TshH0
AT 2 | ZHehT hefT <t Brsen o ufterdy uftesfera Hifore | Freraw sraen o soiereia 1 e
Hism 053421

Tereft p-TehR o Si-3TEITeTeh hl AT Teh TdfHseh TuTY] Ut 5 x 107 Rrfererta wwmm]
SR Iffya (wifed) st s T 7 | Afe T o fafereia qeh o wen wHe
5 x 1028 TeETY] i wefiex 7, o Hied (3TafisvT) g T § wid =m a=diviet ffda gett
(forerti) <t T 1A ShIfNTT | 35 ek ok 3T9THSIh o1 Teh Seraun i difT |

gug -1
(a) 3V 36V H < seft, e st gfedia shae: 0.2 Q 3 0.4 Q &, Td &
T & | 98 TIeH 4 Q o forefl wferierss & Taifera 8 | T hifse
(i) EISH &1 g emf
(i) EIISH T o 3T=AHeh T
(iii) HISE G o TR Ew

YT
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15. Assertion (A) : It is difficult to move a magnet into a coil of large
number of turns when the circuit of the coil is closed. 1
Reason (R) : The direction of induced current in a coil with its circuit
closed, due to motion of a magnet, is such that it
opposes the cause.

16. Assertion (A) : The deflection in a galvanometer 1s directly
proportional to the current passing through it. 1
Reason (R) : The coil of a galvanometer is suspended in a uniform
radial magnetic field.

SECTION - B
17. n identical cells, each of e.m.f. E and internal resistance r, are connected
in series. Later on it was found out that two cells X’ and Y’ are connected
in reverse polarities. Calculate the potential difference across the cell X'. 2

18. (a) In a diffraction experiment, the slit is illuminated by light of
wavelength 600 nm. The first minimum of the pattern falls at
0 = 30°. Calculate the width of the slit. 2
OR

(b) In a Young’s double-slit experiment, two light waves, each of

. . . : . : A
intensity I | interfere at a point, having a path d1fference§ on the

07
screen. Find the intensity at this point.

19. A double convex lens of glass has both faces of the same radius of
curvature 17 cm. Find its focal length if it is immersed in water. The
refractive indices of glass and water are 1.5 and 1.33 respectively. 2

20. An electron in Bohr model of hydrogen atom makes a transition from
energy level —1.51 eV to —3.40 eV. Calculate the change in the gadius of its
orbit. The radius of orbit of electron in its ground state is 0.53 A. 2

21. A p-type Si semiconductor is made by doping an average of one dopant
atom per 5 X 107 silicon atoms. If the number density of silicon atoms in
the specimen is 5 x 1028 atoms m3, find the number of holes created per
cubic centimetre in the specimen due to doping. Also give one example of
such dopants. 2

SECTION - C

22. (a) Two batteries of emfs 3V & 6V and internal resistances 0.2 Q & 0.4 Q
are connected in parallel. This combination is connected to a 4 Q
resistor. Find : 3
(1) the equivalent emf of the combination
(1) the equivalent internal resistance of the combination
(111) the current drawn from the combination

OR
I 55/1/3 Page 11 of 24 P.T.O. I
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23.

24.

25.

(b) (1) TS [ HIHE Adh emf E S fFHl A G s U A aifa 2 1 8 &
T TEd §U 39 aTeteh i FR- 4R Eiwet 38eh! aeaTTg i 21 fepam T & |
Ife Rt 3R 3ifaw afale & o R 3t R 99T 3198 a7 o TR 371
Hiwm 7H vy I vy 8, a1 (@) R’ SR AT (i) vy 3R vy 6 = qe9 T
ST |

(i) & frE =Tete § Soiagl S HYaTE T 8 3= fawe 1 3R B 8, 99
T 1 I8 379 2 R =reres o Tft ‘g soteagi’ U € T O nfem € 2

i i qui s R o e e R, R T e A R, A g
TR TS I QBT BOT T v AR B | TEf &7 39 U R S UehEHH foregd &
6 ST ST T @ o6 Sraifira shor ot ferarfora gu e <aan @ | wohies el 4, )
3Rk % 72 # SR %o T EHRRa

V—@ y
! ;
_____ NN I
(a) il 251 B,
(b) i el I,

(¢) fore &7 E Fa ifv |

WWLCRW@@E;WV:\/HI sin ot T ac GId G 8 | ol 3R@
EifT | 39T ITART hich UL ST TfTaer quUT 9RT 3R ST dieedl o se Hetl<l

o foTQ =itk g <hifsru |

(a) Toreh T ufgent Garha i forell ac &1 g STefvra fora e 2 | afe evifse fs
= ar (1) 3R foedmd 9 (1)  FW 1 7 99 % T forg W qHH
BATR |

(b) T ITSFd THT () H Ter@i® o1 wgett Fam (@ Fom) genfea i a2 ufgent
TAY B ? AT I |
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(b) (@) A conductor of length [ is connected across an ideal cell of emf
E. Keeping the cell connected, the length of the conductor is

increased to 2/ by gradually stretching it. If R and R’ are initial
and final values of resistance and v, and Vd' are initial and final
values of drift velocity, find the relation between (i) R and R
and (ii) v4 and vy.

(11) When electrons drift in a conductor from lower to higher

potential, does it mean that all the ‘free electrons’ of the
conductor are moving in the same direction ?

23. A particle of charge q is moving with a velocity v at a distance ‘d’ from a
long straight wire carrying a current T as shown in figure. At this

9
instant, it is subjected to a uniform electric field E such that the particle

keeps moving undeviated. In terms of unit vectors /i\, 3\ and 1/%, find - 3

V——& y

L)

i d

>

(a) the magnetic field _B),

(b) the magnetic force PT;, and

(¢) the electric field E), acting on the charge.

24. An ac source of voltage v = v, sin ot is connected to a series combination

of LCR circuit. Draw the phasor diagram. Using it obtain an expression
for the impedance of the circuit and the phase difference between applied
voltage and the current. 3

25. (a) A parallel plate capacitor is charged by an ac source. Show that the
sum of conduction current (I ) and the displacement current (I,;) has
the same value at all points of the circuit. 3

(b) In case (a) above, is Kirchhoff’'s first rule (unction rule) valid at each
plate of the capacitor ? Explain.

I 55/1/3 Page 13 of 24 P.T.O. I
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26. (a)

(b)

27. (a)
(b)
(c)

28. (a)

(b)

TehTeI—fere[d T9TE o SRINT o TRTHi o6t 31 foheal o fafRreanati w1 Seor@ whifste
e SR ThTRT 3k 0T THGTT o1 START hich a1 <hl SIT Hehel! 7 | 3
TeRTe- Torgd WWTE % 319 FART § Uee U, ffeterd = o8 R 7k 37de dicedl 3R
JTafera wehTer <t AT < i 9 7% 1 JauET (@) 4.12 X 10715 Vs 7 | 369
AR TRIdTeh T A TRER{ATd hINT |

Terelt p-n Y SRS & V-1 SANCIIRAOTRT o1 31828 i o fofu ufuy sqeren @it | 3
foreft gTaiTe o arfiremerorent sht 3Trpfa gIfsU |
3 AT | S g G JTTIehI ITH Bl Tehdll & 3ohT Jooid ShiTa |

Topet Tfires Y ‘geam &ffa’ 3R Te ot bl uieTT feifae | e ot uid
AT h SR W Torgue YehH’ 1 JUH HIT | 3
Topeft gt o U WiTH 3TN ek =g § qUT U g 2.013553 u B | 35
fore gemmm afd u B qer sEeRt et ged MeV 8 aitefard ife |

(mp =1.007277 u; m = 1.008665 u, 1u =931.5 MeV/c2)

gUg-§

TR HEAT 29 TUT 30 HH- A GG 999 & | T Tl =1 ug den A= feg g
T % FWE |

29. T qaon &i¥ <l Y81 § TRy UET IREEl YeRTiiies I Bl @ fient %H § %W T I8
3T B A BHT FMMGY, | Thed Tt I8 o TIQ idfers s+ o 1T 93 o1 31
70 Tohedl <1 g8 & o T itk &9 & %k Idct oidl  foT oF Heht T3 qT 38
YT o 3 TTH L EFehd & | TRHT o8 o Gl BihH forrg Bid & T “Tem iy foreg”
e T wiepd forg) Fad & 3T ST U o o T AR a1 GO o1 o gadl I &l

21
@)
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Screen

Convex
Lens

Plate on Hidden
Side of Box

Light Box
with Plate
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26. (a) Mention any three features of results of experiment on photoelectric
effect which cannot be explained using the wave theory of light. 3

(b) In his experiment on photoelectric effect, Robert A. Millikan found

the slope of the cut-off voltage versus frequency of incident light
plot to be 4.12 x 10715 Vs. Calculate the value of Planck’s constant
from it.

27. (a) Draw circuit arrangement for studying V-I characteristics of a p-n
junction diode. 3
(b) Show the shape of the characteristics of a diode.
(¢) Mention two information that you can get from these characteristics.

28. (a) Define ‘Mass defect’ and ‘Binding energy’ of a nucleus. Describe
‘Fission process’ on the basis of binding energy per nucleon. 3

(b) A deuteron contains a proton and a neutron and has a mass of

2.013553 u. Calculate the mass defect for it in u and its energy

equivalence in MeV. (mp = 1.007277 u, m_ = 1.008665 u, 1u = 931.5

MeV/c2)
SECTION - D

Question numbers 29 and 30 are case study based questions. Read the
following paragraphs and answer the questions that follow.

29. A thin lens is a transparent optical medium bounded by two surfaces, at
least one of which should be spherical. Applying the formula for image
formation by a single spherical surface successively at the two surfaces of
a lens, one can obtain the ‘lens maker formula’ and then the ‘lens
formula’. A lens has two foci — called ‘first focal point’ and ‘second focal

point’ of the lens, one on each side. 4x1=4
@) Screen
Convex
Lens
Plate on Hidden
Side of Box
Light Box
with Plate
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ARG ¥ il et W formR ShifSTu | Ush shTeit Heater it 9T Teh Tt aredt Jidt
st W1 hig & Toh Wi WU fru TR 2 | 98 fem R wifd s a1 2 | o 39
I Rl YEIH ToraT ST @ A1 U¢ TR SHehT aTEdfereh Sfdfers sHd1 8 |

fr=fafgd § @ s 9¢ o s yfdfars o1 g2 fegor s 22

(A) (B) ©) )

=1 feam T i | e e B 7

(A) I UV 3 T ST Fed ROTTcH BT 2 |

(B) Toreht gt grr s weft 3wt widfena o fou e emTee giar 2 |
(C) Iradet o8 & foTT 3Tae= Ted &TcH BT 2 |

(D) daTEdfdeh 3R 3c1e Tfaferal & o g Ted Fumare giar 2 |

HIhH gl £ o ToFEll 3T <18 I 36k A A& o THFeEd o SHIE WRTH H Sh1eT T/
2 | 38 Tk W 6l BIhg gff Bt

A) f B) 2f

f f

© 3 ®) 3
ST

aﬁ‘sﬁ?ﬁw(i)ﬁﬁwﬁﬂﬁzo cmaﬁmwuﬁﬁwﬁ 50 cmsﬁﬁﬁ‘T{
2 1 3T R T i <t wiend gl B

(4) 10 cm (B) 12cm

(C) 16cm (D) 20 cm

et St S % o e g & e o g8 X, e i 1 9 ¥
fieta e forg 8 1 X, 2, 1 o b1 Wb 0

@A) XX, B®) X, +X,

X2
© XX, D) X,
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Consider the arrangement shown in figure. A black vertical arrow
and a horizontal thick line with a ball are painted on a glass plate. It
serves as the object. When the plate is illuminated, its real image 1is
formed on the screen.

Which of the following correctly represents the image formed on the
screen ?

(A) (B) ©) )

Which of the following statements is incorrect ?
(A) For a convex mirror magnification is always negative.

(B) For all virtual images formed by a mirror magnification is
positive.

(C) For a concave lens magnification is always positive.
(D) For real and inverted images, magnification is always negative.

A convex lens of focal length f’ is cut into two equal parts
perpendicular to the principal axis. The focal length of each part will
be :

A f B) 2f
© 1 o 1
OR
If an object in case (1) above is 20 cm from the lens and the screen is
50 cm away from the object, the focal length of the lens used is
(A) 10cm B) 12cm
(C) 16cm (D) 20cm

The distance of an object from first focal point of a biconvex lens is X,
and distance of the image from second focal point is X,. The focal
length of the lens is

@A) XX, B®) X, +X,

X2
© XX, D) X,
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30. | 4x1=4

—

s/\_“_
o 1 i e e, Ry RC Aol afer vt 3, 3 Rt afer 3 5 et C©, R
1 WIEe T emf V o6 1S 3G sl G & | (S, 31 Gl T&d 8Y) Foit S, hi o<
S WX ufuer qut &1 AT B 9T 9o Feie shi afgeha 3t 3l w6 <l 3 s saw
A8 TR B ST § | HETE W 37a9 H gig 2t & TRommEasd 991ie o Bl R fovar=r
V., (= ¢/C) ¥ Tua % =1 g Bt ¥ | 79 7 fervarat 9ed 3 Rl 3 <t fervwameat 3 swen
Bl ST 7, a1 9 quieder STefd &1 St & (Q = VC) | 39 3TawH Wiskan i srafy J
FTRE T 37T o | T o6 {1 GRea BT & 1o/ 38 TehR i fohdm SITdT & —
q=Q[1—e VRO

30 S I FaheH am%c (€M) = me™ T TN Hleh TR TR T <hl ST Hebell B |

38 et R e hifee fS@ R = 20 kQ, C =500 uFaem V=10V

() S S, I AU S, Gell 8 T« [T T Al Ao 8 —
(A) 5puC (B) 5mC
(C) 25 mC D) 0.1C

(ii) wRITH TH o fC Fil S, 95 qUT S, Gell Wl § | 319 S, i 5 7T S, &l @A
e T 8 | e W 3ifom em R g ?

A) = (B) 5 mC
(C) 2.5mC (D) 5 uC
(ili) RC o feru fofra gz g -
(A) [ML2T3 A2 (B) [MP°LOT! A9
(C) [M1L2T4A2 (D) [M°LOTA?
(iv) Foll S, I AT S, Gell 8 | 5 HehUS o TR Nickiesh ¥ JalTiad 9m &
(A) 2_\1@mA B) e mA
(C) émA (D) 2—1emA
g
(iv) Foll S, o< T S, Gell 8 | Wickiees H T 91 1 HRFH 7H 2
(A) 5 mA (B) 0.5 mA (C) 2mA D) 1mA
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30. A circuit consisting of a capacitor C, a resistor of resistance R and an ideal
battery of emf V, as shown in figure is known as RC series circuit. 4x1=4

¢

s
—
s/\_“_

v
As soon as the circuit is completed by closing key S; (keeping S, open)

charges begin to flow between the capacitor plates and the battery
terminals. The charge on the capacitor increases and consequently
the potential difference V, (= q/C) across the capacitor also increases

with time. When this potential difference equals the potential difference
across the battery, the capacitor is fully charged (Q = VC). During this
process of charging, the charge q on the capacitor changes with time t as
q = Q[1 — e ¥RC]

The charging current can be obtained by differentiating it and using

A (e™¥) = me™~,

Consider the case when R = 20 kQ, C =500 uF and V=10 V.
(i) The final charge on the capacitor, when key S, is closed and S, is

open, 18
(A) 5uC B) 5mC
(C) 25mC (D) 0.1C

(i) For sufficient time the key S, is closed and S, is open. Now key S, is
closed and S, is open. What is the final charge on the capacitor ?

(A) Zero B) 5mC
(C) 2.5mC D) 5uC
(111) The dimensional formula for RC is
(A) [ML2T3 A7 (B) [MOLOT-1A0
(C) [M1L2T4AZ (D) [MOLOTA9

(iv) The key S; is closed and S, is open. The value of current in the
resistor after 5 seconds, is

1 1 1
@ 3 7s mA  (B)\emA (O N mA (D) 55 mA
OR
(iv) The key S, is closed and S, is open. The initial value of charging

current in the resistor, 1s
(A) 5mA (B) 0.5 mA (C) 2mA (D) 1mA
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32. (a)

(b)
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()

(i1)

()

(i1)

(i1)

T UE - §

(1) HAHEE HId FTEId & ? HAd SATThI0T e bl Y01 ohid o AT 3TehT
BT STTE9eh T g ?

(2) <l T Hidl % YehIN herdisg Tal Bid 8 | SIRed ShifvT |

TR U6 9 1.20 m 1 g0 W Tk gL & 0.1 mm gl W & i =aferm i

wi § | 3 fafal | fRE qEy v €19 ¥ 600 nm qUIeEd T R

I FLIET R |

(1) we R feread! =wehict safoertr fhsii o sftar fepaft gft arft 7

(2) gl =THehIeA bt HY il =ier (3l H) 1 Hif |

YT

UMY S g fIfgu | 18 Afad aader auT el 3Tt o W 3T9a

HLA & 3N 3T FUEfdd B At 2 | 3l 3R 3vaiad amn &l 3IRE

et gIfET |

Torell qUe |Id § AT H1g W1 S 15 cm B <61 fepdll i (3AdarcTeh

1.5) =1 Tt Tic gRT 3Muefad aiar & | foor 3@ Eieest s aret 3ifaw

gerferrsr <1 fefe e hifvw |

5 uC 3R —1 pC o 31 fog &Y M (=3 cm, 0, 0) 3R (3 cm, 0, 0)

ﬁﬁaﬁmﬁmﬁlsﬂmﬁ%ﬁ@wﬁgﬁ%ﬁﬁzg?aﬁw

frm e 8, F|T A = 3% 10° Vi ® | 39 T & & &rwr s <t fdi
forga it # uftards aftesfora i |

iy ¥ frd g =rerehl o fohet fehrl T A2 a9 + 80uC AT — 80uC & S

3 S 16V T e S LT § |

(1) Trepra <t anftar ma Hifse |

(2) Ife denfe § 9y o T W IEdTS 3 1 i WIdEd Jredy o fen
T 1 2 =TeTohi b sie foreaT= =1 8T ?

(3) e g =TeToh! T TSI 1 giEfdd ek + 160 pC 3 — 160 uC
L fear St e e <Y anfiar # i aftadd 2m 2 39 ST
e shror @ifSre |

T

@ W enferes Mefla @iet A, B 31t C W fomm Hifse {58 udss <t B
R?2 | To/k @i H BT R/10 31 Sehgl T <1 716 2 | 39 TMieiid @Il ol
hURT: +6q,—4q dAT 14q311%|5[ﬁZITTI'€IT% | 39k fiaR b1 Tiet bl off HsT:
—2q, +8q 3R —10q MW MW & | 9 @i A, B 31k C % %5l § 3R
T R S @Il o RV Icd foregfd &= <l qorT ShITT |
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31. (a)
(b)
32. (a)
(b)

I 55/1/3

()

(i1)

()

(i1)

()

(i1)

SECTION - E

(1) What are coherent sources ? Why are they necessary for
observing a sustained interference pattern ?

(2) Lights from two independent sources are not coherent. Explain.

Two slits 0.1 mm apart are arranged 1.20 m from a screen. Light of

wavelength 600 nm from a distant source is incident on the slits.

(1) How far apart will adjacent bright interference fringes be
on the screen ?

(2) Find the angular width (in degree) of the first bright fringe.

OR

Define a wavefront. An incident plane wave falls on a convex

lens and gets refracted through it. Draw a diagram to show the

incident and refracted wavefront.

A beam of light coming from a distant source is refracted by a

spherical glass ball (refractive index 1.5) of radius 15 cm. Draw

the ray diagram and obtain the position of the final image formed.

Two point charges 5 nC and —1 uC are placed at points (-3 cm,
0, 0) and (3 cm, 0, 0) respectively. An external electric field

2 A A ) ) . .
E =21 where A = 3 x 10° Vm is switched on in the region.

Calculate the change in electrostatic energy of the system due

to the electric field.

A system of two conductors is placed in air and they have net

charge of +80uC and —80uC which causes a potential difference

of 16 V between them.

(1) Find the capacitance of the system.

(2) If the air between the capacitor is replaced by a dielectric
medium of dielectric constant 3, what will be the potential
difference between the two conductors ?

(3) If the charges on two conductors are changed to +160 uC
and —160 uC, will the capacitance of the system change ?
Give reason for your answer.

OR

Consider three metal spherical shells A, B and C, each of radius

R. Each shell is having a concentric metal ball of radius R/10.

The spherical shells A, B and C are given charges +6q, —4q, and

14q respectively. Their inner metal balls are also given charges

—2q, +8q and —10q respectively. Compare the magnitude of the

electric fields due to shells A, B and C at a distance 3R from

their centres.
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3@ T S FER 5 cm Brsan & fopeft 31diea & 5 B W HE - 6 uC
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(1) A charge —6 puC is placed at the centre B of a semicircle of

33. (@) (@)
(i1)

(d) @
(i1)

I 55/1/3

radius 5 cm, as shown in the figure. An equal and opposite
charge is placed at point D at a distance of 10 cm from B. A
charge +5 pC is moved from point ‘C’ to point ‘A’ along the
circumference. Calculate the work done on the charge.

+§q
D C

|
U:jog

A

_)
A proton moving with velocity V in a non-uniform magnetic
field traces a path as shown in the figure.
R

s
7
P
The path followed by the proton is always in the plane of the
paper. What is the direction of the magnetic field in the region
near points P, Q and R ? What can you say about relative
magnitude of magnetic fields at these points ?

A current carrying circular loop of area A produces a magnetic
field B at its centre. Show that the magnetic moment of the loop

. 2BA \/A

1S .

Ho T
OR

Derive an expression for the torque acting on a rectangular
current loop suspended in a uniform magnetic field.

_)
A charged particle is moving in a circular path with velocity V in a

N
uniform magnetic field B. It is made to pass through a sheet of
lead and as a consequence, it looses one half of its kinetic energy
without change in its direction. How will (1) the radius of its path
(2) its time period of revolution change ?
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Marking Scheme
Strictly Confidential
(For Internal and Restricted use only)
Senior School Certificate Examination, 2025
SUBJECT NAME PHYSICS (PAPER CODE 55/1/3)

General Instructions: -

You are aware that evaluation is the most important process in the actual and correct
assessment of the candidates. A small mistake in evaluation may lead to serious problems
which may affect the future of the candidates, education system and teaching profession.
To avoid mistakes, it is requested that before starting evaluation, you must read and
understand the spot evaluation guidelines carefully.

“Evaluation policy is a confidential policy as it is related to the confidentiality of the
examinations conducted, Evaluation done and several other aspects. Its’ leakage to
public in any manner could lead to derailment of the examination system and affect
the life and future of millions of candidates. Sharing this policy/document to
anyone, publishing in any magazine and printing in News Paper/Website etc may
invite action under various rules of the Board and IPC.”

Evaluation is to be done as per instructions provided in the Marking Scheme. It should not
be done according to one’s own interpretation or any other consideration. Marking
Scheme should be strictly adhered to and religiously followed. However, while
evaluating, answers which are based on latest information or knowledge and/or are
innovative, they may be assessed for their correctness otherwise and due marks be
awarded to them. In class-X, while evaluating two competency-based questions,
please try to understand given answer and even if reply is not from marking scheme
but correct competency is enumerated by the candidate, due marks should be
awarded.

The Marking scheme carries only suggested value points for the answers

These are in the nature of Guidelines only and do not constitute the complete answer. The
students can have their own expression and if the expression is correct, the due marks
should be awarded accordingly.

The Head-Examiner must go through the first five answer books evaluated by each
evaluator on the first day, to ensure that evaluation has been carried out as per the
instructions given in the Marking Scheme. If there is any variation, the same should be
zero after delibration and discussion. The remaining answer books meant for evaluation
shall be given only after ensuring that there is no significant variation in the marking of
individual evaluators.

Evaluators will mark( v ) wherever answer is correct. For wrong answer CROSS ‘X’ be
marked. Evaluators will not put right (v') while evaluating which gives an impression that
answer is correct and no marks are awarded. This is most common mistake which
evaluators are committing.

If a question has parts, please award marks on the right-hand side for each part. Marks
awarded for different parts of the question should then be totaled up and written in the left-
hand margin and encircled. This may be followed strictly.

If a question does not have any parts, marks must be awarded in the left-hand margin and
encircled. This may also be followed strictly.

If a student has attempted an extra question, answer of the question deserving more
marks should be retained and the other answer scored out with a note “Extra Question”.

10

No marks to be deducted for the cumulative effect of an error. It should be penalized only
once.

11

A full scale of marks 70 (example 0 to 80/70/60/50/40/30 marks as given in
Question Paper) has to be used. Please do not hesitate to award full marks if the answer
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deserves it.

12 Every examiner has to necessarily do evaluation work for full working hours i.e., 8 hours
every day and evaluate 20 answer books per day in main subjects and 25 answer books
per day in other subjects (Details are given in Spot Guidelines).This is in view of the
reduced syllabus and number of questions in question paper.

13 Ensure that you do not make the following common types of errors committed by the
Examiner in the past:-

e Leaving answer or part thereof unassessed in an answer book.

e Giving more marks for an answer than assigned to it.

e Wrong totaling of marks awarded on an answer.

e Wrong transfer of marks from the inside pages of the answer book to the title page.

e Wrong question wise totaling on the title page.

e Wrong totaling of marks of the two columns on the title page.

e Wrong grand total.

e Marks in words and figures not tallying/not same.

e Wrong transfer of marks from the answer book to online award list.

e Answers marked as correct, but marks not awarded. (Ensure that the right tick mark
is correctly and clearly indicated. It should merely be a line. Same is with the X for
incorrect answer.)

e Half or a part of answer marked correct and the rest as wrong, but no marks awarded.

14 While evaluating the answer books if the answer is found to be totally incorrect, it should
be marked as cross (X) and awarded zero (0)Marks.

15 Any un assessed portion, non-carrying over of marks to the title page, or totaling error
detected by the candidate shall damage the prestige of all the personnel engaged in the
evaluation work as also of the Board. Hence, in order to uphold the prestige of all
concerned, it is again reiterated that the instructions be followed meticulously and
judiciously.

16 The Examiners should acquaint themselves with the guidelines given in the “Guidelines
for spot Evaluation” before starting the actual evaluation.

17 Every Examiner shall also ensure that all the answers are evaluated, marks carried over to
the title page, correctly totaled and written in figures and words.

18 The candidates are entitled to obtain photocopy of the Answer Book on request on

payment of the prescribed processing fee. All Examiners/Additional Head Examiners/Head
Examiners are once again reminded that they must ensure that evaluation is carried out
strictly as per value points for each answer as given in the Marking Scheme.
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MARKING SCHEME: PHYSICS(042)

Code: 55/1/3

Q.No. VALUE POINTS/EXPECTED ANSWERS Marks | Total
Marks
SECTION A
1 (A) 1 1
! l\
2 @A) 2 1 1
3 (B) (-3j+2k)pN I 1
4 (D) 0.1 A 1 1
5 (B) 2866 1 1
6 i 1 1
(D) 10%cosqﬁ
7 (B) have wavelength smaller than that of ultraviolet radiation 1 1
8 tH> 1 1
B) —
(n"-1)
9 (C) 2.5eV 1 1
10 (C) The barrier height and the depletion layer width both decrease. 1 1
11 (B) A >4,>4, 1 1
12 (A) 1 1
B.E. E—‘
Al
13 (C) Assertion (A) is true but Reason ( R) is false. 1 1
14 (D) Assertion (A) is false and Reason ( R) is also false. 1 1
15 (A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct 1 1
explanation of Assertion( A).
16 (A) Both Assertion (A) and Reason (R) are true and Reason (R) is the correct 1 1
explanation of Assertion( A).
SECTION - B
17
Calculating the potential difference 2
Net e.m.f=(n-4)E
(n-4)E Ya
~I=
nr
Potential difference across’ X’ )
V=E +Ir Va
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18

Calculating the width of the slit

Condition for Minima
a sinf = n\
For First Minima n=1
asin 30°=600 x 10° m

axé = 600 X 10" m

a=1200 X 10° m
=12%x10°m

OR

(b) Finding the Intensity

Phase difference = 27” X path difference

I=L+1+2JLL cos%

ol 1oL x &

2

I=2L[1+%j

= L(2++2)
1=3.4141

Alternatively
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Phase difference = 277[ X path difference

Ap=—A
/ A
A
Ax=—(gi
3 (given)
2r A
AP =—x—
¢ A 8
T 72
Ad ==
¢ 4
I =4I cos’ (gj v,
I =4I cos? (1) &
8
19
Finding the focal length in water
Fln, )RR ”
For double convex lens Ri=R and R,=-R
7l &)
f \1.33 R
_(1.54.33)(3}
1.33 17
f =66.5 cm /2
20
Calculation of change in the radius
-13.6
E, = = ev V2
For E, =-1.51eV
-1.51= _1‘2'6
n
n=3 A
For E, =-3.40eV
-3.40= _1?;'6
n
n=2 &
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+r=0.53n%*A

=~ change in radius

Ar=0.53[3* - 2%]
=0.53 x5

=265 A

21

Finding the number of holes 1
One example 1

Doping - 1 dopant atom for 5x10’ Si atoms

atoms

m3

and number density of Si atoms = 5x10%*

5x10%
5x107

Number of holes created per cubic centimeter

1 021

10°

Any one example of dopant - Aluminium / Indium / Gallium

= No. of holes created per m® = =10*"

— 1015

(given)

SECTION - C

22

@) Finding

(1) Equivalent emf of combination
(i1) Equivalent internal resistance of combination
(111) Current drawn from combination

Er,+E)n
n+rn
~3x0.4+6x0.2

“ 0.6
nn

() Because E, =

E = 4V

(i) r_=
“on+r,

~0.2x0.4

r,=——""""20.133Q
170.2+0.4

E
R+req
o4 4
- 44+0.13  4.13

(iii) I =

I=09A

Y

Y

Y
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OR

(b)
(1) Finding the relation
(1) between R’ and R 1
(i1) between Vd' and V4 1
(i) To identify whether all free electrons are moving in the same
direction. 1
i =2l
Al =A'l' =volume of the wire
Al=A'(2])
l 1/2
R= Pl
A
. pl
R =—
A!
P2l
R =——+
A
i
K -4 72
R
Alternatively
R'=n’R 72
n=2
R'=4R 72
(i) v,=S"r "
eV
Vy=—7
ml
, eV
Vy=—07
ml
ve _L_1 1
v, U 2 7
(ii) No 1
23
Finding
a) The magnetic field B 1
b) The magnetic force ﬁ‘m 1
¢) The electric field E 1
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a) B=21 ()

" ond 1
qvp.l
b) Fy=q(vB)=""=(d) 1
c) qﬁ‘e =—F‘B (For undeviation of charge particle)
= _qvpl -
F=ona U %
F=qf
B ].L.VI o v,
2nd
24
Drawing phasor diagram 1
Obtaining the expression for
Impedance of the circuit 1%
Phase difference vz
a)
," I
f ’ VR
VL : wt+&
% N _
Ve
b)
at
Ve =1, R, V., =1 X ,V, =i X,
From Phasor dlagram y
2

‘/m2 = ‘/Rm2 + (VCm - VLm )2
v.2=(i,R) +(i,X,-i X,)
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Or i, = Vi = y
JR +(X.-X,) :
Vm
i, =
zZ
1
.'.Z:\/R2+(XC_XL)2 s
From phasor diagram
tand = Ven = Vin
Rm
_ Xc — XL
R
0= tan‘l(xC I_?XLJ Vs

25

a) Showing that ( I, + I3 ) has the same value.
b) Explanation of Kirchhoff’s first rule at each plate of capacitor

a) - Total current I =1+ Ig
outside the capacitor
Id =0
S1=1,
Inside the capacitor
=0

I=Id=80 dt
d
= —|EA
godt[ |

o
dt| ¢,

& 44 [9}
& dtlA
dt

Alternatively
.+ Total current I =1, + I4
outside the capacitor
Id =0
2I=1,
Inside the capacitor
=0
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dé !
[=1= E
4= 8
= 80 i 2
dt| ¢, Y
2
I= d_Q =IC
dt
hence I + I3 has the same value at all points of the circuit.
1
b) Yes
Current entering the capacitor is (I.) and between the plates capacitor is (I4 )
Ic =Id
which validates Kirchhoff’s junction rule.
26
a) Mentioning three features 1%
b) Calculating the value of Planck’s constant 1%
a) Three features
1) The existence of threshold frequency (v.) 72
i1) Maximum Kinetic energy of photoelectrons is independent of intensity of /2
incident radiation. 1
ii1) Instantaneous nature of photoelectric effect. /2
b) slope = % 1
~ h=-e xslope
=1.6x10""x4.12x10™7 v,
= 6.6x107Js
27
a) Circuit Arrangement for studying V—I characteristics. 1
b) Showing the shape of characteristic curves. 1
¢) Two informations from the characteristics Vot Va
a)
@\"()]llm'l('r[\’)
| ]
|2l
P n
/'
Milliammeter
(mA)
I Switch
!

v
A

Circuit diagram for forward characteristics
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A\ Voltmeter(V)

9,
.
1
)
I n ’ 1/2
Microammeter
( M A )
wy | | Switch
-5
Circuit diagram for Reverse characteristics
b)
I(mA)
100 —
80 —
60 — 1
40 —
20 —
100 810 610 -IIO 210 | | o
‘,l/vg 0203060810 "V
T 10 —
20 —
30 —
I(nA)
Note : Please do not deduct marks for not writing values.
¢) Any two informations Vot
Knee voltage / reverse saturation current / Breakdown voltage / very low
resistance in forward biasing / very high resistance in Reverse biasing.
28
a)  Defining Mass Defect )
Defining Binding Energy Ve
Describing Fission Process )
b)  Calculation of Mass Defect 1
Calculation of Energy 2
a) Difference in the mass of the nucleus and its constituents is defined as mass
defect. vz
Binding Energy is the energy required to separate the nucleons from the s
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nucleus.

In Fission process a heavy nucleus splits into lighter nuclei and energy is 72
released. As a result the Binding Energy per nucleon increases.
b) Am = (mp+my)-mg 72
Am = (1.007277 + 1.008665) - 2.013553
Am =0.002389 u V2
Energy released = Am X c?2
Energy released = 0.002389 x 931.5
= 2.2253 MeV =2.22 MeV /2
SECTION -D
29 1) (C) 1
i1) ( A) For a convex mirror magnification is always negative 1
i) (B) 2f 1
OR
(B) 12cm
iv) (C) XX, !
30 1) (B) 5SmC 1
i1) (A) zero 1
iii) (D) [ M°L°TA] 1
1
iv) (A) —mA
) (A) N
Note: 1 mark for this part may be given to all the students who have
attempted other parts of the question.
OR
(B) 0.5 mA 1
SECTION - E
31 a)
1) 1) Definition of coherent sources. 1
Necessity of coherent sources for sustained interference pattern 1
2) Explanation 1
i1) 1) Finding distance between adjacent bright fringes. 1
2) Finding angular width 1
1) 1) If the phase difference between the displacement produced by each of the
wave from two sources does not change with time then two sources are said to 1
be coherent.
Alternatively
Two sources are said to be coherent if they emit light continuously of same
frequency / wavelength and having zero or constant phase difference.
Coherent sources are required to get constant phase difference. 1
2) Two independent sources will never be coherent because phase difference
between them will not be constant. 1
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i1) 1) Distance between adjacent bright fringe = fringe width

AD
F=
-9
_ 600x10 :1.2 7 9mm
0.1x10
2) 0= 4
d
-9
= 000x10 ©_ 6,107 rad= 0.34°
0.1x10
Give full marks if the student writes the answer in radians only.
OR
b) } .
1) Definition of wave front. 1
Drawing the incident and refracted wave front 2+
i1) Drawing the ray diagram 1
Obtaining the position of final image

1) A wavefront is a locus of all the points which oscillate in phase.

Incident ,\

planewave /

_— /
\\ R
R e
Spherical wavelront
of radlus [
ii)
u=1 n=1-5
A1
”~
> -
Py c P, I

From I* surface , Refraction is from rarer to denser medium and object is at oo
n =1, n,=1.5R=15cm,u=

“t
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n, n,_n,-n

vV u R
1.5 1 1.5-1
v 0 B 15 1
v=45 cm &
From 2™ surface , Refraction is from denser to rarer medium and object is at 15
cm
n =1, n,=1.5R=-15cm,u=15cm
n,_n,_n-n, 7
vV u R
1 1.5 _1-1.5
v 15 -15 %
v="7.5cm
32 a)
1) Calculating the change in electrostatic energy of the system 2
i1) (1) Finding the capacitance. 1
(2) Finding the potential difference. 1
(3) Answering and Reason Vot
5
() Ezsxio 7 ( Given) dV =- E.df
r
V=3x105/r
Electrostatic energy of the system in the absence of the field
Ui — quqQ 1/2
N2
Electrostatic energy in the presence of the field
K ~ ~
Us= —49 +q,V(n)+q,V(r)
12
MU= Ur-Ui = qV(7)+ g,V () &
Ay = 5x10°x3x10° 1x10°x3x10° A
3x1072 3x1072
= 40] V2
. Q 80
ii)l) C= == —= 5pF
)1 vV _ 16 H 1
2) C'=KC y
= 3X5uF = 15 puF 2
= Q_800C g 35y v
C' 15pF
3) NO, A
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The capacitance of the system depends on its geometry.

OR
b) 1) Comparing the magnitude of the Electric fields 2
i1) Calculating the work done on the charge 3

Total charge for A = Total charge for B = Total charge for C = ;4q 1
As , E = k—?
r
Since Q =4q andr = 3R y
B k(4q) 4kq 2
- 2 2
9R 9R 1,
-~ Ea=Ep=E.
.. kx6x10° kx6x10° 1
ii) Ve = —— — -
5x10 5x10
=0
B k><6><1076_k><6><1076 1,
4 15x107 5x107?
_ kx6x10°[1-3
107 15
_9><109 x6x107°x2
15x107
=-7.2%x105V &
1
w=gq[V,-V,] Vs
= 5x10°[-7.2x10° -0
W=-3.6] &
33 a)
1) Finding the direction of magnetic field near points P,Q and R 2+ 2+ '
Conclusion about the relative magnitude of magnetic field. ottt
i1) Showing the given expression of magnetic moment. 2
1) Near point P
Magnetic field is acting into the plane of the paper as Force is acting upwards. s
Near point Q
Magnetic field is into the plane of paper as force is acting upwards. 72
Near point R
Magnetic field is acting out of the plane of the paper as F is acting downwards. 72

Relative Magnitude of the Magnetic field.

As B a1

r
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Therefore,

Near point P, magnitude of B is small.

Near point Q, B is relatively smaller than point P.
Near point R, B is relatively larger than point P.

(Bo< Bp<Bgr)
i1) Let r be the radius of the circular coil and I is the current in the coil then
B = &I or I = 2Br
2r Ho
A
A=mr r= \/:
/4
M=1A
_ 2Br A
Ho
_2BA \/E
Hy V7
OR
b) 1) Deriving the expression for the torque. 3
i1) 1) Finding the change in radius. 1
2) Finding the change in time period of Revolution. 1
i)

131 and F‘Q are the forces acting on two arms of the rectangular coil having sides
a and b.
\E\:\FQ\szB ( b = length of the arm)
Forces constitute a couple. The magnitude of Torque on the loop is —
T=F gsin6?+F22$in¢9
2 2
=la bBsinf
=[ABsind
7=IAxB

V2

Y

Y

V2

V2

P2
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Alternatively

X
> iz ,
a—c 4—1°
T I H ~
T >
\ b Al B
i ! P x5
L L 210 C
| Pk~ [:N e
4 . &
\VI F 1
. —>
]
g
Y

If the plane of the current carrying coil marks an angle o with the magnetic field
FDA = —FBC (cancel each other) .
Force on the arm DC is into the plane of the paper

|Foc| = IbB .
Force on the arm AB is out of the plane of the paper.
|F,s| = IbB

Both of them form a couple and Torque acting on the coil is
t=either force Xperpendicular distance between the two forces.
r=IbBxacosa

= labBcos «
r=IABcosa
Let n =outward drawn normal to the plane of the coil.
0+a=90°
a=90°-6
7 = IABcos(90 - 6)
= IABsind
7=IAxB
mv _+/2mK
i) 1l) r=——-=
qB 9B
r a~K
r JK/2 1
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2) T= 2nm

qB
Time period does not depend on Kinetic Energy
=~ Time period will not change.

Page 18 of 18




